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AMPNHMFNTS TO THE CLAIMS; 

This listing of claims will replace all prior versions, and listings, or claims in the 

application: 

1 I . (Currently amended) A method for use in a transmitter adapted to employ four 

2 transmit elements to transmit a source bit stream, me method comprising the steps of: 

3 dividing said source bit stream into /, data substreams, L > 2; and 

4 grouping derivatives of symbols derived from each of said data substreams to 

5 form four transmit time sequences, one sequence for each transmit clement, said 

6 derivatives of said svmhols arc members of the oroun consisting of: amative 0 f one of 

7 said symbols. « negative of a complex oo njypate of one of said symbols, one of said 

8 svmhnls. a svmhnl developed bv encoding at one sample of m least one of said datq 

9 suhstreams. and an unencoded samnle of at least one of said data substgams; 
10 wherein 

1 i each of said time sequences spanaifti spans L symbol period* and includes^ 

12 l Pa tf one derivative of at least one symbol from each of said L (lata substreams; and 

13 at least one of said derivatives of said symbols be»g is a complex conjugate of 

1 4 one of said symbols. 



7 
8 
9 



2. (Original) The invention as defined in claim 1 wherein L=-4 and said time 
sequences are arranged according to a matrix, each time sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
being arranged as one of the matrices of the set of matrices consisting of 
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and 



b\ -b[ 
A, -6, 

a; a; 

where: 

*3> and A 4 are said symbol derivatives from data substreams 1, 2, 3. and 4, 
respectively, and 
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10 * indicates complex conjugate. 

1 3. (Original) The invention as defined in claim 1 wherein ut least one of said 

2 groups of derivatives of said symbols includes derivatives of symbols from more than one 

3 of said data subslreams. 



1 



4. (Original) The invention as defined in claim \ further comprising the step of 



2 repeating said dividing and grouping steps. 



5. (Canceled) 



1 J<£" (Original) The invention as defined in claim 1 wherein each mw of said matrix 

2 represents what is transmitted by a respective one of said transmit elements. 

L 

x ^ (Original) The invention as defined in claim I wherein at least one or said 

2 transmit elements is an antenna. 

1 (Original) The invention as defined in claim 1 wherein 1M and said time 

2 sequences are spread and arranged according to a matrix, each spread time sequence 

3 being a row of said matrix and being transmitted by a respective one of said transmit 

4 elements, said matrix being arranged as follows: 
bfiy b£c 2 fejCj ti^ 
bfr -b 4 Cs b^c A 
^c, bfc -h y c y 
b A c x -%c z bfc -/>*c„ 

6 where; 

7 b u fc, *j, and 64 are said symbol derivatives from data substrains I. 2. 3, and 4, 

8 respectively; 

9 * indicates complex conjugate; and 
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10 
n 



C,,/=l .., L arc each horizontal vectors of a spreading code, each of said 
horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 



12 gain. 

1 j£ (Currently amended) A transmitter adapted for use with four transmit elements 

2 to transmit a source bit stream, comprising: 

3 means for dividing said source bit stream into L data substreams, /. > 2; 

4 means grouping derivatives of symbols derived from each of said data substreams 

5 to form four transmit time sequences, paid derivative s of said symbols arc members of tbg 

6 grnun consisting of: a negative of one of sai d svmhnls. a negative of a complex conjugat e 
nf one of said symbols, one of said symbols * svmbol de veloped bv encodi ng at least one 

g sample of at least one of said data substream s. and an unencoded sample of al least one of 

9 said data substreams: and 

10 m eans for grouping said time sequences int o i\ matrix, each time sequence being a 
)l row of said matrix: 
12 wherein 

j is each of said time sequences spanaiag spans L symbol periods, and includes at 

14 lcasf Qne derivative of at least one sym bol from each of said L data substreams; and 

15 at least one of said derivatives of said symbols teeieg k a complex conjugate or 

16 one of said symbolsfaad 

, 7 mcana for grouping said timo sequences into a matrix, cuch time sequence being a 

18 row of said matrix . 

c * 

J-TC (Original) The invention as defined in claim ^further comprising L means 
for encoding each of said data substreams prior to symbols of said data substreams being 

3 grouped by said means for grouping, so that said encoded data substreams arc grouped by 

4 said means for grouping. 



1 
2 
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ytC. (Original) The invention as defined in claim/whcrcin L=4 and said lime 
sequences are arranged according to a matrix, each time'scquence being a tow of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
being arranged as one of the matrices of the set of matrices consisting of 
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-b< 
bl 

a; 



and 



where: 

b\, hj, bj, and 64 are said symbol derivatives from data' substreams l» 2, 3, and 4, 

respectively, and 

* indicates complex conjugate. 

J2f (Original) The invention as defined in claim ^wherein L=A and said time 
sequences are spread and arranged according to a matrix, each spread lime sequence 
being a row of said matrix and being transmitted by a respective one of said transmit 
elements, said matrix being arranged as follows: 
b& 6,'?! &,t:j & 4 *c 4 



b& 



-b'A 



-b<c y blc< 
-biCy -b\c t 
b& 



where: 

b h bi, b )t and 64 are said symbol derivatives from data substreams 1, 2, 3, and 4, 
respectively; 

* indicates complex conj agate; and 

c,J=\ ... L are each horizontal vectors of a spreading code, each of said 

horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 

gain. 
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5 



1 13. (Canceled) 

, ^ (Original) The invention as defined in claim 9 wherein each row of said 

2 mutrix represents what is transmitted by a respective one of said transmit elements. 

\% X 

1 (O ri einal) The invention as defined in claim 9 wherein at least one of said 

2 transmit elements is an antenna. ' 

if 

1 (Currently amended) A transmitter for use with four transmit elements for 

2 transmitting a source bit stream, comprising: 



a demultiplexer that divides said source bit stream into /, data substrcams, L > 2; 



4 and 



a space time multiplexer that groups derivatives of symbols derived from of each 

6 of said data substreams to form four transmit time sequenccs T i 

7 wherein 

, arid derivatives of said symbols are one o f the eroup consistinu of: a negative of 

9 one of said ■vn frnl p. a necari v nf a complex enniuoate of one of said symbols, one of 

10 said symbols, a sv™hn1 developed hv encoding at lpnst one sample of at least Q.ue_oIsaid 
U data substreams. and an unencod ed samnle of at least one of S«d data siftstrcam s: 

12 each of said time sequences spanning sjans I symbol periods, at least one of said 

13 derivatives of said symbols being is a complex conjugate of one of said symbols&aDd 

14 said time sequences groups feeing arc arranged as a matrix, in which each time 

1 5 sequence is a row of said mutrix . 

4 i 

1 ff. (Original) The invention as defined in claim,!* further comprising a plurality 

2 of radio frequency, each of which convert* a respective one uf said time sequences groups 

3 which it receives as an input from baseband to a radio frequency modulated signal. 

ft »i 

» \tf (Original) The invention as defined in claim ^further comprising at least 

2 one encoder interposed between said demultiplexer and said space time multiplexer. 



C.ATATKVTSVFftseWni U^WVwchini l2-6am.tfoc ^ 

PAGE 9/23 * RCVD AT 3/KU2005 1 1:07:30 AM [Eastern Standard Time] * SVR;U^T0^XRf--1/3* Df(]S:8729305 * CS1D:732M90102 » DURATION (mm-ss):05-55 



03/10/05 12:03 HOLMDEL IP LAU ■* USPTO NO. 045 D10 



Serial No. 09/752,637 . 

yf. (Original) The invention as defined in claim \£ wherein said space time 



2 multiplexer applies a spreading code to suid symbols. 



20. (Canceled) 



1 
2 
3 
4 



7 

9 
10 



Jftf (Original) The invention as delincd in claim 16 wherein each row of said 
matrix represents what is transmitted by a respective one of said transmit elements. 

(Original) The invention as defined in claim l^wherein at least one of said 
transmit elements is an antenna. 



j/. (Original) The invention as defined in claim j/t wherein i=4 and said lime 
sequences are arranged according to a matrix, each time sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
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ft, 
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ft; 
-ft, 



and 



A,, A 2 , 63, and b* are said symbol derivatives from data substreams 1, 2, 3, and 4, 

respectively, and 

* indicates complex conjugate. 
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^4^(Original) The invention as defined in claim l<(/wkcreiii £=4 and said time 
sequences are spread and arranged according lo a matrix, each spread time sequence 
being a row of said matrix and being transmitted by a respective one of said transmit 
elements, said matrix being arranged as follows: 

b x c x 



-b]c 2 
b'<c 2 



byC) b\c A 
4,ZT, -bfc 



where: 

b u H 63, and £4 are said symbol derivatives from dala substreums 1, 2, 3, and 4, 
respectively; 

* indicates complex conjugate; and 

c, , M L are each horizontal vectors of a spreading code, each of said 

horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 

gain. 
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y£ (Currently amended) A transmitter adapted fur use with four transmit 

2 elements to transmit a source bit stream, comprising: 

3 a demultiplexer that divides said source bit stream into L data substrains, L > 2; 

4 L encoders, each of said encoders receiving and encoding one of said data 

5 subslreams to produccencoded symbols; 

6 a space time multiplexer that groups derivatives of said encoded symbols derived 
from each of said data subslreams to form four transmit time sequences^; 

g wherein 

9 said derivative " " f ™<\ SV"H S memhwrs of the pfoup consisting of: a 

nP |ra< ; va of one nf said symbo l* a negative of a complex cpnluprtc of one of sajd , 
X svmhnls. one of »«d symbols, a wmhol developed hv encoding at least one sample pf « 
U a «i nr. nf «>id data subst ^rna. and anup wimrteri am ple nf at least one of said data 

13 suhstrcams: 

14 each of said time sequences respectively spans spaflfflftg L symbol penods and 
;„ni,.H»« a t i ftflg t nne derivative of at least one symbol Prom each of said L daft 
substreams . at least one of said derivatives of said symbols being a complex conjugate of 

n one of said symbols^iand 

18 said time sequences groups being are arranged as a matrix, in which each time 

1 9 sequence is a row of said matrix. 

■ ■ *y 

Jfif (Original) The invention as defined in claim^whemn l~4 and said time 
sequences are arranged according to o matrix, each lime sequence being a row or said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
4 being arranged as follows: 
> K h h \ 

* 3 K -b, -fh 
|A -bl 6, -b\ 

6 where: 

7 b u bz, 03, and h are said symbol derivatives from dala subslreams 1. 2, 3, and 4, 

g respectively, and 

9 * indicates complex conjugate. 



7 



10 



12 
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16 
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% ^ •• , n 

, V (Original) The invention as defined in claim JS farther comprising a plurality 

2 of radio Irequency, each of which converts a respective one of said time sequences groups 

3 which it receives as an input from baseband to a radio frequency modulated signal. 

1 ifc (Original) The invention as defined in claim 35 wherein said space time 

2 multiplexer applies a spreading code to said symhols. 

1 (Original) The invention as defmed in claim^25 wherein each row of said 

2 matrix represents what is transmitted by a respective one of said transmit elements. 

*J ■ > 

1 j£ (Original) The invention as defined in claim 2/whcrein at least one of said 

2 transmit elements is an antenna. 

1 ffT (Currently amended) A method for use in processing received signals that 

2 were transmitted via four transmit elements of a transmitter, said transmitter being 

3 adapted to transmit a source bit stream by dividing said source bit stream into L data 
substreams, L > 2 and grouping derivatives of symbols derived from each of said data 

5 substreams to form four transmit time sequences, one sequence for each transmit clement, 

6 SHi d derivatives nf mirl symbols «re. members of the urouo consisting of: a neftatjvc of one 
of yid symbols. » naptive of a c omplex conjugate of onr of imrt symbols, one of said 

8 ^m,hoi s . a svmbnl devdnned b v ^coding at leasi one sample ulat least ope ofsajd data 
c.Wr^ms nn unencoded sa ™ r l» *f »t least one of said data suhstrcams; each qf saj j i 
^ *^ vm <-™ panning L svm hol periods and inrlnrlinp at lwwt one derivative of at Icasj 
— , r U firm, each of said t- data substrea ms at least on e of said derivatives of .said 
h*m» a comnlex r fl ^"P«te of one of said symbols, sai d method comprisinR jhe 
13 step of: 

,4 developing, from a received signal including versions of said lime sequences 

which have been combined by the channel between said transmit elements and said 
receiver, reconstructed versions of said symbols derived from each of said data 



15 
16 



I 17 substreams. 

1 1 
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, (Original) The invention as defined in claim^whcrein said developing step 

2 furthw comprises the step of developing reconstructed versions of said groups of 

3 derivatives of said symbols. ✓ 

■¥9 v 

1 (Original) The invention as defined in claim/f further comprising the step of 

2 developing reconstructed versions of said L data substreams from said reconstructed 

3 versions of said symbols 

1 yC (Original) The invention as defined in claim^T further comprising the step of 

2 multiplexing reconstructed versions of said /, data substreams Lo form a data version of 



3 said source bit stream. . 

& v 



^(Original) The invention as defined in claim^l further comprising the step of 
developing reconstructed versions of said L data substreams Trom said reconstructed 
versions of said symbols by decoding said reconstructed versions, of said symbols to 
produce samples of said reconstructed versions of said L data substreams. 



(Original) The invention as defined in claim^Twhcrein said developing step 
further^omprises the step of despreading said received versions of said time sequences. 

y{ (Original). The invention as defined in claim^f wherein said developing step 
;o„e «,„ ci^t, nf «n,hsam«linn said received versions of said time sequences. 



I 

2 further comprises the step of subsampling said received 



if (Original) The invention as defined in claim^/ wherein said developing step 
<k» «t-n of match filterine derivatives of said received versions of said 



I 

2 further'comprises the step of match filtering derivatives 

3 time sequences. 

*2 



jS^(Original) The invention as defined in claim^hcrein said developing step 
furAc/comprisas the step of decollating said received versions of said tune sequences. 
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1 j6. (Original) The invention as defined in claim/f wherein said developing step 

2 further comprises performing minimum mean squared error processing. 



) 

2 of: 



10 



jK. (Original) The invention as defined in claim^T further comprising Ihe steps 



developing, from a second received signal including versions of said time 
sequences which have been combined by the channel between said transmit elements and 
said receiver, second reconstructed versions of said symbols derived from each of said 

6 data substreams; and 

7 combining said reconstructed versions and said second reconstructed versions to 

8 produce final versions of said symbols. 



42; (Original) Apparatus for use in processing received signals that were 
uansimtted via four transmit elements of a transmitter, said transmitter being adapted to 
transmit a source bit stream by dividing said source bit stream into L data substreams, I > 
2 and grouping derivatives of symbols derived from each of said data substreams to form 
four transmit time sequences, one sequence for each transmit element, each of said time 
sequences spanning L symbol periods, at least one of said derivatives of said symbols 

7 being a complex conjugate of one of said symbols, said apparatus comprising: 

8 a matrix multiplier for supplying as an output matched filtered signals which are 

9 versions of preprocessed signals derived from a received signal which includes versions 
of said time sequences which have been combined by the channel between said transmit 



, 1 1 elements and said receiver ; and 

i )2 a baseband signal processing unit receiving said matched filtered signals as an 

I 13 input and developing therefrom reconstructed versions of said symbols derived from each 

I 14 of said data substreams. 



^(Original) The invention as defined in claim/Sf wherein said receiver is a 



I 

2 minimum mean square error receiver 



l ^(Original) The invention as defined in claim therein said matrix multiplier 



2 



multiplies' from the left an I by 1 vertical vector d formed by versions of said 
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processed signals derived from said received signal by a matrix H* to produce a new L 
by 1 vertical vector f so that f =tfd where f denotes complex conjugate. 

p. (Original) The invention as defined in claim^4 wherein L - 4, and H is the 
following matrix 

\ Aj h, K 

-h\ K -K % 

where is the complex channel coefficient from the t" 1 transmit clement to said 

5 receiver and all channels are flat faded channels. 

6 (Original) The invention as defined in claim^Twhercin al least one clement 

7 of said vertical vector d is formed by versions of said preprocessed signals derived from 

8 said received signal that has had the complex conjugate of at least one element thereof 

9 substituted for said element. 

1 fK (Original) The invention as defined in claim 42 wherein said baseband signal 

2 processing unit multiplies a specified matrix W from the left by a vertical vector f made 

3 «p of said matched filtered outputs supplied by said matrix multiplier to produce a new L 

4 by I vertical vector r, so that r - Wf. 

\ j/. (Original) The invention as defined in claimjtfwhercin matrix W-K , where 

2 K- H f H. 



I' 
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j&. (OriginQl) The invention as defined in claim/* wherein 1=4 and said, matrix 
multiplication is performed in two portions, the first portion using the first and third 
element of vertical vector f and the second portion using die fourth and second element of 
6 vertical vector f, specifically in that order and in which a 2 x 2 matrix employed tor the 
muJtiplication from the led for both portions is developed by deriving 2x2 matrix K' 
through deleting the second and fourth rows and columns of 4x4 matrix K where 
9 K = H T H and 2x2 matrix W =» K'"'. 

1 ^(Original) The invention as defined in claim wherein matrix W-K (K 

2 K f +X K ) l , where X is a real scalar. 

i SfT (Original) The invention as defined in claim ^wherein X is equal to <r„ / a k 

whereV is the channel noise variance and cr\ is the variance of each symbol b„ where 



2 

3 i= 1 .. L. 



jii. (Original) The invention as defined in claiin^f wherein L=4 and said matnx 
multiplication is performed in two portions, the first portion using the first and third 
element of vertical vector f and Ihe second portion using the fourth and second element of 
vertical vector f, specifically in that order and in which a 2 x 2 matrix employed for the 

5 multiplication from the left for both portions is developed by deriving 2 x 2 matrix K' 

6 through deleting the second and fourth rows and columns of 4 x 4 matrix K where 

7 K=H t Hand2 x2 matrix W = K' T (K' K'^X K' )'. 



1 (Original) The invention as defined in clairn^T further comprising L 

2 despreaders for developing said versions of said prcprocessed signals from said received 

3 signal. 



(Original) The invention as defined in claim^/2 further comprising a 
demultiplexer for developing said versions of said processed signals IVom said 



l 

2 

3 received signal. 
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1 SSf (Original) The invention as defined in claim 42 further comprising a selective 

2 conjugator for developing said versions of said prcprocessed signals derived from said 

3 received signal by conjugating at least one element of despread versions of said 

4 prcprocessed signals derived from said received signal. 

ft 

1 (Original) The invention as defined in claim w further comprising a selective 

2 conjugator for developing said versions of said prcprocessed signals derived from said 

3 received signal by conjugating at least one element of subsamplcd versions of said 

4 preprocessed signals derived from said received signal, 

1 57? (Original) The invention as defined in claim m further comprising L 

2 decoders, each of said decoders receiving as an input reconstructed versions of said 

3 symbols derived from a respective one of said data substreams and developing therefrom 

4 a reconstructed version of said one of said data substreams. 

j ,5$; (Original) The invention as defined in claim 42 ftirther comprising L decoders, 

2 each of said decoders receiving as an inpm recon/ructed versions of said symbols 

3 derived from a respective one of said data substreams and developing therefrom a 

4 reconstructed version of said one of said data substreams, 

\ (Original) The invention as delincd in claim 58 further comprising a 

2 multiplexer which receives each reconstructed version of said data substreams from said 

3 decoders and develops therefrom a reconstructed version of said source bit stream. 
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1 >Hf (Original) The invention as defined in claim4« further comprising: 

2 a second matrix multiplier for supplying as an output second matched filtered 

3 signals which are second versions of preprocessed signals derived from a second received 

4 signal which includes versions of said Lime sequences which have been combined by a 

5 second channel between said transmit elements and said receiver ; and 

6 a second baseband signal processing unit receiving said second matched filtered 
1 signals as an input and developing therefrom second reconstructed versions of said 

8 symbols derived from each of said data substreams; and 

9 a combiner for combining said reconstructed versions of said symbols and said 
10 second reconstructed versions of said symbols. 



C:\PAfENTCVF0SCtiln* I Z*\F<wchini 1 14 im.rtoc 1 6 



PAGE 1 »23 * RCVD AT 3/10/2005 11:07:30 AM [Eastern Standard rone) 1 SVR:USPT0-EFXRF-1/3' ONIS:B729306 * CSID:73234901O2 a DURAnON tmnHSs):05-S6 



